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UAS Systems Engineering Design Process in Active Learning

Abstract
Unmanned aircraft systems (UAS) offer a fresh opportunity to teach students the systems engineering design process (SEDP) and basic principles of aerospace engineering. The widespread popularity of UAS, the explosion of affordable and capable systems, and recent advances in policy by the FAA have enabled a climate where UAS may be effectively used as a model for students in many age groups to learn the SEDP and critical problem solving skills. A UAS SEDP project provides a stimulating handson active learning opportunity many students are seeking today. In addition, the application of UAS to solving real-world problems provides intrinsic motivation to students and faculty alike, as well as engendering public support.
The University of Alaska (UAF) [1] has broadly embraced the concept of active learning, supporting initiatives to more effectively engage students, such as "flipped" classrooms where students take a more active role and responsibility for their education. The College of Engineering and Mines (CEM) [4] has enthusiastically begun the process of infusing UAS and aerospace materials into the curriculum, this year initiating an aerospace engineering minor and developing numerous aerospace courses and research opportunities for seniors/graduate students. One such course incorporates the application of UAS SEDP to satisfy operational needs of UAF's Alaska Center for Unmanned Aircraft Systems Integration (ACUASI) [2] and associated research mission requirements.
Aerospace Systems Engineering is a new multidisciplinary course intended to give students practical experience in aerospace engineering, specifically by providing new opportunities to learn about UAS.
The students learn first-hand about systems acquisition and the SEDP by forming a 'company' to solve a problem posed in the form of a contracting statement of work (SoW). The company forms its own organizational structure, schedule, and plan of attack for satisfying the SoW requirements within the academic semester. The project for the first offering of the course (fall 2015) was two-fold: to retrofit an existing Lockheed Martin Stalker aircraft with new electronics and to completely build out a DJI S900 hexacopter. Both assets were needed by ACUASI to satisfy changing operational requirements for arctic research missions.
This paper provides details of the course structure, the resulting UAS payloads and components fabricated for the university, and how these assets support UAF/ACUASI's arctic research efforts. In addition, it discusses educational outcomes for the students, as well as lessons learned for future offerings. It also briefly details some examples of how UAF is providing similar UAS STEM opportunities for local high school and middle school students, which in turn benefits UAF.
Background
UAF's ACUASI serves as a collaborative research center linking education in engineering, aviation, and remote sensing with real-world applications for geospatial/science data products collected by UAS. As a part of UAF and in partnership with the Federal Aviation Administration's (FAA) Pan-Pacific UAS Test Range Complex (PPUTRC) [3] , ACUASI is tasked with exploring the application of UAS to academic and scientific research, as well as evaluating the safety and practicality of operating practices needed to integrate unmanned aircraft into the National Airspace System (NAS). This construct provides an ideal opportunity to support the development of multidisciplinary engineering programs.
Leveraging the shared expertise and interests of ACUASI, UAF's engineering faculty and students, and Geophysical Institute (GI) [5] research faculty and students, the university has developed a synergistic approach for advancing capabilities in all areas. This focus has enabled UAF to simultaneously develop new UAS aerospace assets and sensors, accomplish numerous arctic climate environmental monitoring missions not previously achievable, and provide engineering students with valuable experience in aerospace technology.
The focus of UAF's aerospace program is to leverage available resources and opportunities of its subordinate organizations with the needs of their peers. In particular, the program marries assets and needs of the research and academic communities with those of its UAS program:
 ACUASI. Over time, ACUASI has been able to develop a rich set of UAS capabilities and flying operations expertise. However, as a lean organization, ACUASI must continually balance competing mission requirements of a high operations tempo (over 150 flying days annually) and financial constraints, with the need for ever-increasing engineering support to satisfy these. As such, ACUASI provides a perfect forum for potential student projects, which can either take the form of individual research projects or structured classes. These projects may be brought to the level of initial integration by students and faculty, and then completed and readied for flight with the assistance of ACUASI engineering and operations personnel.
 Academics. Engineering students are looking for an opportunity to tackle meaningful real-world projects, as opposed to contrived 'story problems' as part of an academic exercise or course.
Having access to both a set of validated needs and the resources (ie, UAS/sensors, modest financial resources, personnel with engineering and UAS flight expertise) to solve these serves as a powerful motivator for students and faculty alike.
 Research. University research programs provide the real-world motivation and financial opportunities (eg, grants and partnerships) to conduct important arctic research. Research teams provide vital expertise to focus the efforts of ACUASI and supporting student efforts through knowledge of mission research needs and operational considerations, advice on sensor capabilities, and ability to secure future funding streams. 
Project Need
With this in mind, it is evident that course organization and project selection becomes a matter of simultaneously satisfying multiple, and often competing, sets of requirements. In a lean organization subject to limited financial resources and personnel, with additional constraints imposed by student availability, selection of a viable project is even more challenging. And more rewarding.
The specific goals of this year's course were based upon a combination of factors: UAF/ACUASI mission needs, resource availability (in terms of assets on hand and potential funding), and the number and makeup of personnel in the course. Other factors impacting the decision included the limited duration (1-semester) and timing of the course within Alaska's seasons and often challenging environmental conditions.
The team was tasked with retrofitting an existing Lockheed Martin Stalker [6] airframe with all new subsystems, including propulsion, electrical, communications, autopilot, and sensor packages -the resulting UAS termed the ACUASI Open Stalker. The operational requirements for the platform were intended to stretch capabilities of the original production aircraft, supporting a 2 kg payload for a flight duration of 2 hours and 1 kg payload for 4 hours. In addition, the team also leveraged numerous shared subsystem components to build out a DJI S900 hexacopter [7] frame in order to develop new technology increasing ACUASI's existing flight capabilities.
Course Approach
To implement the new learning experience available from UAS technology within an academic setting, UAF retooled its former space systems design course into Aerospace Systems Design, allowing for either space-based or air-breathing systems. This course provides students with valuable experience in the systems engineering design process (SEDP)/systems acquisition, while simultaneously satisfying UAF's scientific research, ACUASI mission requirements, and engineering design needs.
The course takes the approach of 'learning systems acquisitions/design by doing it' -in effect, largely transforming the classroom into a company work environment. Rather than spending the semester in a traditional classroom lecture environment, students are instead given a brief overview of the systems acquisition process prior to being turned loose on their assigned task. They then form a notional 'company' to solve a problem posed in a statement of work (SoW).
Central to the philosophy of the course are several key tenets: (1) Students are not treated as students, but rather as an independent contracted company providing a professional for-hire service, with interim results and feedback provided to the contracting agency on a periodic basis; (2) Instead of considering the project to be an experimental 'one-off' design approach, we use the philosophy that each of these systems are considered to be the first airframe in a fleet of UAS built to support operational mission requirements for ACUASI and UAF researchers; (3) Feedback to students is provided not only in an academic setting by the instructor, but also through design reviews and other meetings/communications by subject matter experts (SME) from the 'contracting' agency.
Beyond the immediate operational capability provided by the UAS assets, the course offers additional long-term benefits to UAF's education and arctic research programs. The baseline UAS developed during the course serves as a springboard for further engineering student involvement, as its operational capabilities are exploited for the fulfillment of mission requirements. This drives further student involvement in terms of follow-on graduate projects and senior design projects. It also serves to attract positive attention to UAF aerospace and other engineering programs, drawing additional students, talented faculty, and agency support. This, in turn, allows UAF to continue to grow and expand the opportunities offered to the community.
Instructor Pre-Course Activities
While participating in a course that blends all of these elements can be very exciting and rewarding for everyone involved, it is not without a fair amount of work on the part of the instructor. Setting the conditions that optimize the chances for a successful project requires much coordination between all of the players -UAS operations (ACUASI), research needs (science investigators), and academic faculty.
Project Selection & Design Approach. This critical step involves a mission needs analysis conducted by the instructor and informed by operational (ie, research or humanitarian support) requirements. The UAS selected must satisfy the many needs and constraints of the user organization in order to be of operational utility. This is essential in order to secure financial resources and personnel support necessary for engineering oversight and eventual flight test operations. In addition, this step is vital in securing the buy-in from students that they are indeed tackling a project of real worth, which will be important for them to push hard through the demanding, rapid-paced SEDP/systems acquisition process. Before the class can be asked to attempt the project, the instructor must have first stepped through much of the design process, at least at a high level, in order to guide the students and ensure their ultimate approach has a reasonable chance for success. UAS Performance. From a mission needs analysis performed for the fall 2015 course, it was determined that the selected UAS platform should be capable of flying a minimum of 30-120 minutes with a 2-4 kg payload. The UAS needed to capable of high-latitude flight in arctic and wet-weather conditions, improving upon existing asset capabilities in these areas. These requirements drove the need to supplement the existing limited high-latitude coverage provided by GPS with other satellite constellation technologies (Russian GLONASS, Chinese BeiDou), as well as adding enhancements to improve cold/wet weather tolerant operations.
Logistics Considerations. The course is intended to help students think past the immediate concerns of the UAS technical performance to the broader context of how well the system can be supported within the organization's logistics abilities and constraints. Some notable design considerations included the need to: 1) Maximize compatibility of the UAS and sensor components with existing systems either in the organization's current inventory or those currently under consideration; 2) Minimize impact on the organization's engineering, logistics, and flight operations; 3) Provide commonly available and upgradeable parts/subsystems that will require limited training to operate and maintain; and 4) Support rapid prototyping and inexpensive repair.
Flight Test & Product Maturation Strategy. As the project selected was not merely focused on fabricating a single UAS, but meant as a first step in providing multiple UAS necessary for a viable flight asset, it was also important to provide a realistic pathway for UAS maturation and flight certification. The strategy employed beginning with a production aircraft frame having a set of known performance capabilities, and then inserting new open-architecture electronics. At the same time, it was important to begin development of an organic process focused on the repair and replacement of critical UAS components. As this process is matured, the organization will grow in its ability to develop modified UAS, as needed, for unique flight and sensor payload requirements.
After the instructor has stepped through the above process and a suitable project has been identified, the project may then be further refined and scoped for the number of students and their experience level, as well as specific flight requirements (eg, anticipated payloads, customers, flight test schedule), and organizational resources available. Salient aspects of this requirements definition process are captured in a Statement of Work (SoW), which will be turned over to the students as the basis for what they are expected to achieve in the course.
Course Structure
The course structure for Aerospace Systems Engineering is intended to provide students with a new learning experience, shifting from a traditional classroom environment to that of an almost exclusively hands-on environment where students 'learn by doing.' This might be likened to a flipped classroom 'on steroids' as it puts the responsibility for the students' learning experience squarely in their own laps, with the instructor serving the roles of guide and facilitator for the process. In addition, beyond learning about UAS capabilities and construction techniques, students are exposed to the systems engineering design process (SEDP) and an abbreviated systems acquisition process.
As the course is part of a university undergraduate and graduate curriculum, it is important that it be more academically rigorous than a 'build a drone' workshop. The SEDP curriculum is an integral component of the course, providing students with invaluable experience in systems engineering and group problem solving. It is a bit of an understatement to say that completing a complex system within this structured approach is a challenge. As such, the schedule established must attempt to balance somewhat competing requirements of providing a meaningful SEDP experience that will serve them throughout their lives (process focus), with that of maximizing the chances for project success which several arctic research missions depend upon (product focus). To do this in a semester is not trivial.
On the first day of the course, students are provided with the objectives and an in-depth explanation of the motivation for tackling the selected project. After meeting each other (via an instructor-led exercise meant to facilitate an understanding of backgrounds and interests) and receiving an overview of the course structure, students participate in an ice-breaker exercise designed to introduce the concept of team problem solving. After that, the students are instructed to form a 'company' to solve a problem posed in the SoW. The ball is now in the students' court. The company forms its own organizational structure, schedule, and plan of attack for satisfying the SoW requirements.
For much of the course, the instructor's role is largely that of a facilitator or skills coach. At the beginning of the semester, the instructor provides a brief set of lectures outlining the SEDP and systems acquisition process used in government or industry. This includes resources describing, in great detail, the steps of the SEDP/acquisition process and required content, format, and timing for deliverables. The instructor provides recommended course flow and sets some hard deadlines for certain milestones in order to maximize the class' chance for success.
In addition, the instructor serves as advocate for the class, introducing students to the user and other important personnel/agencies, assisting in securing financial resources and materials, and coordinating other matters as needed. And, of course, the instructor bears ultimate accountability for the success of the effort. While the students may be assuming a great deal of responsibility and taking on the role of a company in this endeavor, the instructor has a definite vested interest in ensuring that financial and materiel resources are spent wisely in developing this UAS asset which will accomplish important, real-world missions.
SEDP Phases. The course schedule is intended to mirror the major phases of the SEDP/acquisition process. The 'company' submits a proposal as a response to the SoW and complementary requirements outlined in a request for proposals (RFP). During the systems requirements phase, the company conducts a mission analysis, culminating in a systems requirements review (SRR) and alternative systems review (ASR). The team then conducts a functional analysis/decomposition, leading to a recommended preliminary design which is presented in a preliminary design review (PDR). In the critical design phase, the detailed design of subsystems and integration plans are completed and presented in the critical design review (CDR). As subsystems are completed, these are tested and integrated into the overall system, and then undergo developmental (functional) and operational testing prior to delivery to the user as an operational system. Course Deliverables. Products from this offering included the major UAS components: the Open Stalker fixed-wing UAS, the S900 hexacopter UAS, and components of a common ground control station (GCS). SEDP products included various documentation for each UAS: the system proposal, an engineering analysis package (EAP), failure modes and effects analysis (FMEA), and User's Guides detailing operating and maintenance instructions. Major milestone status briefings included the SRR, ASR, PDR, CDR, flight readiness review (FRR), and course Final Briefing. In addition, the class produced a video and website detailing their efforts throughout the semester.
Course Results/Lessons Learned
Course Demographics. The course was primarily targeted for electrical/mechanical engineering graduate students; however, interest was so great that it was also made available to undergraduate seniors on a trial basis. The response to the offering was overwhelming, the largest graduate course enrollment to date. Currently, the course is only offered as a 1-semester course, but is expected to grow to a 2-semester sequence in the future.
UAS Products. The course was very successful from a product perspective, with both the Open Stalker and S900 UAS expected to complete an air worthiness certification (AWC) flight testing process in the summer of 2016. A number of shared assets were shown to be of high quality and show promise for incorporation into the ACUASI fleet, including the enhanced 3DR PixHawk-based autopilot, upgraded battery system, and ground control system (GCS).
The Open Stalker was successfully integrated, with functional component checkouts accomplished and initial system ground testing completed. The next steps are to prove flight readiness for formal AWC. Pending favorable results of AWC and creating a minimum set of additional assets as operational spares, the Open Stalker is expected to join the ACUASI operational fleet sometime possibly late 2016. While both assets are being prepared for AWC, the Open Stalker will likely take precedence as it has an existing performance capability gap to fill. The S900 has already been flight tested indoors on multiple occasions, and is ready for AWC testing. In comparison with its predecessor (DJI S800), the S900 features a lighter frame with collapsible arms (versus detaching), an additional deck for system electronics and other options for payload mounting. In addition, the autopilot has been upgraded from the 3DR APM to the PixHawk, giving it additional functionality. The navigation system has been upgraded to support multinational navigation satellite constellations to provide more precise navigation in high latitudes. The system also features significant increases in wet-weather protection for electronics components, providing a more robust platform for Alaska operations.
The S900 will go through additional cost/benefit analysis versus existing assets prior to a decision on when it might join ACUASI's operational fleet, or alternately, these technology advances may be applied to another asset, such as the S1000 as a heavy-lift multi-rotor asset. In addition, a number of the technology improvements have been retrofitted or are under consideration for ACUASI's S800 fleet. In addition to UAS components, a common ground control station (GCS) was designed that will provide enhanced support for the Open Stalker, S900, and several other pre-existing ACUASI UAS assets that utilize the same autopilot and communication architecture. Several components were identified and delivered which are to be integrated into the common GCS, including a new ruggedized laptop/tablet which can safely provide control of UAS in inclement weather. Student Feedback. Feedback from students was almost universally positive, with students learning valuable lessons about UAS design and small group dynamics. Notable threads included the need for "communication, communication, communication" between teams and individuals throughout the project. Many noted that while the course was often challenging with regard to time commitments and interpersonal relationships, that they definitely benefitted from this real-world design experience and felt it was great for their resume.
However, as would be expected, not all feedback was positive. Some students felt the course was a bit too short for the amount of work involved. Part of this was due to course requirements for not only 'building drones' but also the need for learning the SEDP and associated systems acquisitions paperwork. With the shorter timeline, some students also felt the course could have been made simpler by focusing on a single UAS, versus 2 complete systems. However, the majority of comments from students were positive and directly in line with the author's previous experience teaching space systems SEDP courses at the US Air Force Academy.
Impact: Follow-on Student Engagement
Perhaps most telling of this experience is the number of students, both graduate and undergraduate, that have now aligned themselves with projects related to UAS and UGV efforts as a result. This can be credited to either positive student with this effort and/or leveraging assets they either directly developed or became familiar with as a result of the course.
Senior Design. Of the 7 undergraduate students participating in the EE/ME656, Aerospace Systems Design course (fall semester 2015), 5 are now working either directly with follow-on activities for this project or on related UAS efforts. Of these, 2 EE students are developing a power supply for a UAS to recharge from an unmanned ground vehicle (UGV) mobile docking station for enduring missions (this project for mine rescue). Another EE student is working on a precision IR payload for 2D mosaicking of volcanic lava flows. One ME student is following up on structural design aspects from this course, designing and constructing aircraft components for both the Open Stalker and S900 UAS. In addition, another student is focusing on UGV autonomous operations. In addition to the students from the EE/ME656 course, 3 other ME seniors are focusing on construction techniques which will allow production of replacement/modified parts for the Open Stalker.
Graduate Projects. Of the 9 graduate students in the course, 4 are currently involved in projects which are either directly resulting from the course or related efforts. One EE student is working on a UAS/UGV optical landing system supporting the mine safety effort mentioned above, another on a deployable communications system which will permit wireless communications underground, and yet another on optimizing the charging of multiple UAS by a single UGV mobile platform. In addition, another ME student is working on a docking/latching mechanism for the same effort.
Related Efforts. Leveraging the work done last semester in the Aerospace Systems Design course, UAF has recently reinstated its student chapter of American Institute of Aeronautics & Astronautics (AIAA). The chapter students are actively involved in AIAA's Design, Build, Fly competition and are utilizing experience gained with the Open Stalker and S900 efforts in advancing their designs. Two of these ME students have decided to stay on as graduate students and pursue projects closely aligned with this same effort, furthering UAF's organic fixed-wing aircraft production capability.
As can be seen above, the UAS/aerospace program at the university has become quite popular, and participation has jumped dramatically in a short time. Much of the popularity enjoyed is a direct result of courses such as this one, simultaneously supporting UAF arctic research and serving as a catalyst for further student involvement. In response to student interest in both UAS and space systems, UAF has recently added a minor in aerospace engineering (beginning fall 2015), providing a more structured venue for students to participate in UAS related activities, and to receive an aerospace education for those desiring to do so.
STEM Outreach
A vital component of UAF's broad program is that of science, technology, engineering, and math (STEM) and community outreach. The university works closely with the state and local communities to provide relevant opportunities for students wishing to explore aerospace and other STEM-related fields. These initiatives take the form of both focused activities such as summer camps, as well as longterm programs supporting local schools and Alaska's villages.
Modern Blanket Toss. Modern Blanket Toss (MBT)
[8] is a National Science Foundation (NSF) funded effort, led by UAF's Upward Bound (UB) [9] program, designed to provide an immersive, in-depth UAS experience to village HS and MS students. Supported by ACUASI and UAF educational programs, the UB program helps low-income, prospective first-generation college students in rural Alaskan schools by promoting interest in STEM career fields. The project is named "Modern Blanket Toss" after the Native tradition of the blanket toss, which enabled people to be lofted into the air and expand their range of observation beyond the immediate surroundings. The program addresses an identified need for STEM initiatives in rural Alaska through the use of an innovative structure and a novel learning tool that is replicable and scalable to other high schools.
The MBT program is currently in year 2 of a 3-year effort, serving over 50 students from 6 different villages. UAS designed by the students are providing valuable service to the communities, supporting roles such as monitoring coastal erosion and flooding, measuring impact of dog teams and snow machine trails on the tundra, monitoring ice break-up, and even providing valuable surveillance of predators such as wolves and polar bears. In addition, the MBF program provides tangible possibilities for students not wanting to have to choose between a technical career and living their heritage.
Students spend 6 weeks each summer at UAF's central campus learning about the technical design of UAS and the capabilities of these that can be brought to the villages in order to solve real-world needs. Students not only learn how to fly UAS and understand the FAA's regulatory process, but also build their own UAS from scratch and learn how to perform crucial preventative maintenance and make field repairs, in order to keep these machines flying safely and reliably for long periods of time.
To project fosters students' interest in STEM careers by;
1. Capturing the students interest using cutting-edge STEM technologies, in this case, UAS, and providing them a deep technical knowledge around the technology 2. Developing the leadership skills necessary to lead and work in teams and communicate the science of the project 3. Incorporating all of these skills into the implementation of a meaningful community project.
The MBT project operates year round. During the academic year, each site has a coordinator (typically a math or science teacher) who conducts meetings and works with the students on the "STEM of UAVs". The school sites are provided with the supplies to build beginning and advanced level UAS, as well as GoPro cameras, GPS tracking devices, and smaller and simpler UAS for flight training.
During the summer, students -under the instruction of both local and remote UB personnel -take part in learning activities centered around the science of the UAS, including guest speakers, "virtual field trips," and other instruction delivered via videoconference. The students and staff work through an online UAS Flight School curriculum that takes the students from the basic ground school skills of safety, through the levels of acquiring a student pilot license, up to an advanced license. At each level the students take on more responsibility and are capable of doing more with the copters. As they gain experience with the UAS, students will take part in hands-on simulations of sophisticated operations, such as documenting beach erosion, search-and-rescues or charting sea ice. 1. UAS hardware and build. This component begins with an elegantly simple Knex-build copter that can be flown, crashed, redesigned and rebuilt. They then progress through intermediate level builds and end up with a more advanced build that can carry instruments and fly a prearranged and autonomous route. 2. Software. Since not everyone likes to fly the copters, there is an extensive role in programming the UAS guidance electronics, using Mission Planner, geographical information system (GIS), and 3D modeling software. 3. UAS Curriculum. This component contains a comprehensive UAS pilot license that takes the students from the basic ground school skills of safety, through the levels of acquiring a student pilot license, up to an advanced license. At each level the students take on more responsibility and are capable of accomplishing more with the copters. 4. Communicating science and leadership training. Individuals discover and explore their own strengths and learn to lead and work as a team member and how it comes together in managing aspects of a larger project. 5. Drones for Good. All of the skills come together in a meaningful community project. Teams of students use their newly acquired skill sets to design and implement a project that is beneficial to the community.
In the Summer of 2015, all of these components came together, assisted by 2 students from UAF's aerospace systems design course, to guide the MBT students through the design process of building an advanced grade hexacopter from scratch, using a PixHawk flight controller, carbon fiber sandwich board and 3D fabricated components (using a Makerbot). The students experienced first-hand the frustration of the design process as they drafted schematics for the electronic component layout and fabricated on a MakerBot suitable landing gear (legs) that would support the multi-rotor.
The MBT project is designed to be scalable and replicable to the 750 other Upward Bound programs across the country, which represent thousands of first-generation college attending youth. Currently, a
Program Users Guide is being completed, that includes the curriculum of the project in what will be a publicly available, Creative Commons eBook. The project is evaluation based on student academic increases as outlined in the new science standards, by analysis of student transcripts increasingly more advanced academic courses and those results are compared to control sites. Additionally, research is being conducted on student increased awareness of STEM career fields, their shift in developing a "Growth Mindset", and the awareness of what it takes to get into those fields. The eBook and videos from the poster presentation can be found at modernblankettoss.org.
ASRA Blimps 101. The Alaska Summer Research Academy (ASRA) [10] provides local high school (HS) and middle school (MS) students an opportunity for an abbreviated, immersive 2-week STEM experience. ASRA provides a variety of technology venues to students, spanning a broad spectrum of subjects, from plant sciences to space technology.
In the summer of 2015, a group of 12 HS and MS students attended the summer workshop to learn about, build, and fly UAS. For reasons of safety and ease of control, blimps were selected to be the UAS of choice for this module. Blimps not only have the advantage of being safe to build and fly, but are also very low cost (even considering cost of helium), and can be effective platforms for teaching the students about the history, technology, and even the FAA regulations governing the operation of UAS.
Over the course of the 2-week workshop, students learned about blimps and their basic structure, their history and role in aviation development, and uses today. Students were briefed on details of the goals and major activities for the blimp effort, provided an overview and high-level conceptual understanding of the various subsystems and components forming the blimp systems architecture and how these can affect each other, as well as the design and fabrication tasks needed to construct their own blimp.
To kick off the initial effort, an individual student blimp design, the students were provided with a facilitated brainstorming exercise. In this exercise, students brainstormed the desired mission and shape/size of their proposed blimps. Facilitators and students then discussed the impacts of specific design choices on the complexity and performance of their blimps, including: the number of balloons required, size of payload, construction techniques (eg, ribbons/tape, balsa wood stiffeners, 3D printing). The group then discussed real-world constraints impacting the designs, such as a limited number of supplies for each design (balloons, balsa wood, APM, radio/controller) and time constraints imposed by having access to a single 3D printer for the course.
Armed with this knowledge, the students eagerly set about tackling their designs. They made preliminary designs based upon the anticipated number of balloons required and experimented with fabrication techniques to bind these together in a manner which provided the necessary weight and balance, as well as vehicle stiffness for flight performance and controllability. They designed and (with some assistance) printed any 3D components needed for their designs, and learned basic functions of programming an APM autopilot for control of their servomotor systems. They then iteratively stepped through the process of design/build/redesign until all of their requirements were either met, or their expectations were modified to be more realistic.
To the surprise of all 3 instructors (perhaps not so much to the students), all 12 students managed to have operational blimps constructed and flight tested by the 4 th day of the workshop, allowing them to hold a flight competition by the end of the 1 st week. So, taking stock of the situation and moving onwe congratulated the students, enjoyed the moment, and pushed ahead to the second stage of design experience…a team design for a more complex blimp vehicle.
During week 2, the instructors provided a more detailed design experience focused on exploring topics of an abbreviated systems engineering design process (SEDP) and group dynamics. First, the students were provided with an ice-breaker event design to introduce the concept of how group decision-making can, in most cases, result in a superior system design (particularly for complex systems). The exercise was based upon a well-known, light-hearted survival scenario where 4 friends are unexpectedly marooned on a desert island and must prioritize -first, individually, and then as a group -a list of items which might aid in their survival and eventual rescue. As anticipated, the exercise resulted in the students realizing that the team decisions generally outperformed that of individuals. They quickly began to pool their ideas towards the design and construction of a team (with a notable emphasis on a team concept by this point, versus just a group of students working together).
The team performed the group design project effectively and efficiently, having been through the process once already as individuals, and having gelled with the other teammates through classroom and social activities the previous week (recall, these students are quite young, were from different schools, and perhaps had a propensity towards individual effort on technological tasks). While no group decision-making effort is completely free of conflict or personality differences, the team design went as well as could have been ever been asked for. The team wrapped up final design of their 'maxi' miniblimp in record time and was able to demonstrate it in real-time during the ASRA large group out brief (~200 students + instructors).
The final group design incorporated a total of 10 mylar party balloons, stiffened by a combination of ribbon, tape, and balsa wood stringers. The payload consisted of a gondola, which contained a team banner, as well as a first person view (FPV) video stream which was broadcast live to the screens in the auditorium. This flagship event was considered to be an unbridled success, by the students, their parents, and the other ASRA students and instructors. As a result, ASRA plans to offer the course again next summer (2016), this time opening it up to a larger audience. An advantage of introducing HS/MS students to rapid prototyping and additive manufacturing is that they will grow up with that as their baseline, as opposed so some of us "older" individuals who grew up with a different mindset when these techniques weren't yet possible. These students will hopefully learn to approach all their future work with the mentality of "fail early, fail often, fail forward".
Conclusion
Integrating the systems engineering design process (SEDP) with unmanned aircraft systems (UAS) can serve a powerful role in today's education process, providing a convenient mechanism for infusing a structured problem-solving approach for students to follow, both in individual projects and as part of a larger team effort. In addition, by harnessing student interest in popular UAS technology, and by leveraging UAS focused on solving real-world needs, such activities provide inherent motivation to all
